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During the Vietnam War, more than 70 million liters of 
military herbicide were sprayed over the combat zone. 
This study uses self and proxy-reported data on cancer 
status obtained from a nationally representative health 
survey of the Vietnamese population (N=158,019), 
combined with measures of military herbicide exposure 
computed from detailed information on US and allied 
wartime military activities. No significant difference in 
the prevalence of reported cancer is detected between 
communes with some degree of exposure and those 
This paper—a product of the Poverty and Inequality Team, Development Research Group—is part of a larger effort in the 
department to understand post-conflict recovery. Policy Research Working Papers are also posted on the Web at http://
econ.worldbank.org. The author may be contacted at research@worldbank.org.  
with none. When restricting the analysis to exposed 
communes and adopting a continuous measure of 
herbicide exposure, there is evidence of a dose-response 
relationship; among communes that were exposed, 
increasing exposure to past military spraying is associated 
with increasing prevalence of reported cancer in 2001–
2002. There is mixed evidence as to whether cohorts born 
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where      is the probability that individual   in household   living in commune   reports 
suffering from some form of cancer in 2001‐2002,       is the measure of wartime herbicide 
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Agent Orange exposure”, J Urol, 166(1):100‐3.  Table A2: Logistic regression of the determinants of cancer - dose response to dioxin-only hit counts
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Independent variable
Logarithm of dioxin-only hit count  1.131 1.134 1.145 1.164 1.171 1.184 1.162 1.170 1.196 1.160 1.168 1.198
(0.127) (0.130) (0.135) (0.132) (0.137) (0.143) (0.144) (0.150) (0.156) (0.134) (0.140) (0.146)
Additional effect of log dioxin-only hit count on post-1971 cohorts 0.760 0.751 0.750 1.022 1.015 0.979
(0.153) (0.154) (0.152) (0.332) (0.336) (0.326)
Individual is born after 1971 (1:yes,0:no) 1.167 1.251 1.271 1.075 1.389 1.416
(0.626) (0.676) (0.670) (1.338) (1.697) (1.763)
Dioxin-only hit count is strictly positive (1:yes,0:no) 0.711 0.724 0.708 0.724 0.738 0.720
(0.416) (0.389) (0.384) (0.423) (0.395) (0.389)
Bombing load is strictly positive (1:yes,0:no) 5.871 4.623 4.933 5.977 4.704 5.029
(7.759) (6.507) (6.936) (7.930) (6.655) (7.116)
Logarithm of total bombing load  0.943 0.959 0.955 0.942 0.959 0.954 0.857 0.872 0.857 0.857 0.871 0.857
(0.074) (0.079) (0.079) (0.075) (0.079) (0.079) (0.107) (0.110) (0.108) (0.107) (0.110) (0.108)
Average daily sunshine over the period 1975-1999 (hours) 0.978 0.995 0.983 0.974 0.990 0.979 1.337 1.209 1.193 1.337 1.212 1.194
(0.140) (0.156) (0.154) (0.139) (0.155) (0.152) (0.357) (0.322) (0.320) (0.358) (0.323) (0.322)
Individual's gender (1:male,0:female) 0.602** 0.550*** 0.651** 0.603** 0.550*** 0.651** 0.415*** 0.372*** 0.442*** 0.415*** 0.372*** 0.442***
(0.130) (0.110) (0.126) (0.130) (0.109) (0.127) (0.114) (0.107) (0.125) (0.114) (0.107) (0.125)
Individual's age (years) 1.160*** 1.149*** 1.149*** 1.145*** 1.137*** 1.139*** 1.230*** 1.240*** 1.241*** 1.240*** 1.270*** 1.264***
(0.039) (0.044) (0.044) (0.046) (0.051) (0.047) (0.061) (0.064) (0.066) (0.079) (0.076) (0.076)
Individual's age squared 0.999*** 0.999*** 0.999*** 0.999*** 0.999** 0.999** 0.999*** 0.998*** 0.998*** 0.998*** 0.998*** 0.998***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) (0.001)
Individual lives in urban area (1:yes,0:no) 1.674*** 1.676** 1.771*** 1.677*** 1.674** 1.771*** 1.258 1.265 1.354 1.258 1.265 1.353
(0.362) (0.410) (0.426) (0.363) (0.412) (0.429) (0.330) (0.393) (0.427) (0.329) (0.392) (0.425)
Household size 0.999 1.003 1.022 0.999 1.003 1.023 1.010 1.036 1.054 1.010 1.037 1.054
(0.043) (0.043) (0.044) (0.043) (0.043) (0.044) (0.045) (0.040) (0.039) (0.045) (0.040) (0.039)
Individual's education (grade achieved) 1.104 1.066 1.109 1.073 0.935 0.910 0.938 0.912
(0.142) (0.137) (0.145) (0.140) (0.144) (0.138) (0.142) (0.137)
Logarithm of household per capita expenditure 0.896 0.905 0.896 0.906 1.133 1.152 1.128 1.148
(0.129) (0.136) (0.130) (0.137) (0.167) (0.168) (0.166) (0.168)
Individual seeked inpatient or outpatient care in past 12 months of survey (1:yes,0 5.257*** 5.259*** 4.663*** 4.655***
(0.963) (0.962) (0.797) (0.794)
Constant 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Total effect of log dioxin-only hit count on post-1971 cohorts 0.885 0.879 0.888 1.185 1.186 1.173
(0.207) (0.205) (0.207) (0.433) (0.437) (0.436)
Number of observations 158,019 148,022 148,022 158,019 148,022 148,022 77,441 72,499 72,499 77,441 72,499 72,499
Notes: Standard errors in parenthesis, corrected for heteroskedasticity and province-level clustering. ***, **, and * indicate statistical significance at the 1, 5, and 10 percent-level respectively. Observations are 
weighted using sampling weights. The conditional sample is restricted to observations with positive hit counts within 15km of commune center. The "Total effect of log dioxin-only hit count on post-1971 
cohorts" in columns 4, 5, 6, 10, 11 and 12 is the product between the main effect ("Logarithm of dioxin-only hit count") and the interaction term ("Additional effect of log dioxin-only hit count on post-1971 
cohorts"). The main effect then measures the effect of "log dioxin-only hit count" on pre-1971 cohorts. 
Dependent variable: Individual reports suffering from cancer (1:yes,0:no)
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P-value = 0.7936Table 1: Composition and quantities of herbicide mixtures sprayed 1961-1971
Name Chemical constituents Estimated quantities (liters)
Agent Pink 60%-40% n-Butyl: isobutyl ester of 2,4,5-T 50 312 sprayed - 413 852 on procurement records
Agent Green n-Butyl ester 2,4,5-T 31 026 on procurement records
Agent Purple 50% n-Butyl ester 2,4,-D; 30% n-Butyl ester 2,4,5-T; 20% isobutyl ester 2,4,5-T 1 892 773
Agent Orange 50% n-Butyl ester 2,4,-D; 50% n-Butyl ester 2,4,5-T 45 677 937 (including Agent Orange II)
Agent Orange II 50% n-Butyl ester 2,4,-D; 50% isooctyl ester 2,4,5-T at least 3 591 000 shipped
Agent White Acid weight basis: 21.2%; tri-isopropanolamine salts of 2,4-D; 5.7% picloram 20 556 525
Agent Blue (powder) Cacodylic acid and sodium cacodylate 25 650
Agent Blue (solution) Cacodylic acid and sodium cacodylate 501 381
Source: Stellman et al. (2003)Table 2: Summary statistics
N. obs. N. communes mean st. dev
Individual health outcomes (VNHS)
Individual has cancer (1:yes,0:no) 158,019 1,200 0.08% 2.81%
Individual socio-economic characteristics (VNHS)
Gender (1:male,0:female) 158,019 1,200 48.51% 49.98%
Age (years) 158,019 1,200 26.634 19.381
Education level (grade) 148,279 1,128 1.068 1.044
Household size 158,019 1,200 5.160 1.958
Per capita expenditure ('000 VND) 157,744 1,196 3,910 4,757
Live in urban area (1:yes,0:no) 158,019 1,200 22.80% 41.95%
Average daily sunshine hours over the period 1975-1999 (hours) 158,019 1,200 5.633 1.320
Individual seeked inpatient or outpatient care in past 12 months of survey (1:yes,0:no) 158,019 1,200 20.87% 40.64%
Commune-level characteristics (HERBS, iMMAP, and MDC)
Commune showing positive number of herbicide hits within 15km 1,200 49.42% 50.02%
All-herbicide hit count within 15km 1,200 42.458 92.469
Commune showing positive number of dioxin hits within 15km 1,200 47.42% 49.95%
Dioxin-only hit count within 15km 1,200 19.388 42.260
Commune showing positive bombing load within 15km 1,200 77.58% 41.72%
Bombing load within 15km (M lbs) 1,200 38.146 120.577
Average daily sunshine over the period 1975-1999 (hours) 1,200 5.610 1.325
Secondary data: 2004 commune-level characteristics (VHLSS)
Average agricultural herbicide and pesticide expenditure per square meter of agricultural land ('000 VND) 1,133 0.085 0.466
Average household per capita coal, firewood, sawdust, chaff ('000 VND) 1,114 98.269 62.429
Average household per capita alcohol and beer consumption ('000 VND)  1,246 58.572 92.486
Average household per capita cigarette consumption ('000 VND) 1,268 120.125 119.403
Remarks: Observations taken from VNHS are weighted using sampling weights.Table 3: Logistic regression of the determinants of cancer - effect of all-herbice exposure
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Independent variables
All-herbicide hit count is strictly positive (1:yes,0:no) 0.815 0.792 0.813
(0.369) (0.364) (0.378)
All-herbicide hit count within 15km above 75th percentile cutoff (1:yes,0:no) 1.228 1.166 1.201
(0.284) (0.279) (0.290)
Bombing load is strictly positive (1:yes,0:no) 4.120 3.087 3.171 3.504 2.582 2.671 5.324 3.734 3.986
(4.687) (3.862) (3.923) (4.093) (3.264) (3.339) (6.369) (4.786) (5.044)
Logarithm of total bombing load 0.964 0.983 0.981 0.974 0.995 0.992 0.948 0.972 0.967
(0.064) (0.071) (0.071) (0.066) (0.072) (0.071) (0.067) (0.073) (0.072)
Average daily sunshine over the period 1975-1999 (hours) 0.984 1.011 0.999 1.048 1.086 1.064 0.956 0.989 0.974
(0.090) (0.095) (0.092) (0.176) (0.199) (0.195) (0.088) (0.095) (0.092)
Individual's gender (1:male,0:female) 0.602** 0.550*** 0.651** 0.602** 0.552*** 0.652** 0.603** 0.550*** 0.652**
(0.130) (0.110) (0.127) (0.129) (0.110) (0.127) (0.130) (0.110) (0.127)
Individual's age (years) 1.160*** 1.149*** 1.149*** 1.160*** 1.149*** 1.149*** 1.160*** 1.149*** 1.149***
(0.039) (0.044) (0.044) (0.039) (0.044) (0.044) (0.039) (0.044) (0.044)
Individual's age squared 0.999*** 0.999*** 0.999*** 0.999*** 0.999*** 0.999*** 0.999*** 0.999*** 0.999***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Individual lives in urban area (1:yes,0:no) 1.635*** 1.655** 1.748*** 1.660*** 1.684** 1.776*** 1.624** 1.650** 1.741***
(0.328) (0.391) (0.406) (0.343) (0.405) (0.419) (0.332) (0.393) (0.409)
Household size 0.998 1.001 1.021 1.000 1.003 1.022 0.998 1.001 1.021
(0.042) (0.043) (0.044) (0.043) (0.043) (0.044) (0.043) (0.043) (0.044)
Individual's education (grade achieved) 1.102 1.064 1.095 1.059 1.104 1.067
(0.142) (0.137) (0.141) (0.136) (0.143) (0.138)
Logarithm of household per capita expenditure 0.884 0.890 0.890 0.895 0.877 0.884
(0.131) (0.137) (0.131) (0.137) (0.129) (0.134)
Individual seeked inpatient or outpatient care in past 12 months (1:yes,0:no) 5.246*** 5.240*** 5.257***
(0.963) (0.962) (0.965)
Constant 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Number of observations 158,019 148,022 148,022 158,019 148,022 148,022 158,019 148,022 148,022
Notes: Standard errors in parenthesis, corrected for heteroskedasticity and province-level clustering. ***, **, and * indicate statistical significance at the 1, 5, and 10 percent-level 
respectively. Observations are weighted using sampling weights. The 75th percentile cutoff corresponds to 39 all-herbicide hits.
Dependent variable: Individual reports suffering from cancer (1:yes,0:no)Table 4: Logistic regression of the determinants of cancer - dose response to all-herbicide hit counts
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Independent variable
Logarithm of all-herbicide hit count  1.198** 1.256** 1.270** 1.228** 1.291*** 1.306*** 1.238** 1.295** 1.319*** 1.241** 1.307** 1.334**
(0.104) (0.126) (0.126) (0.110) (0.134) (0.134) (0.117) (0.137) (0.138) (0.123) (0.149) (0.150)
Additional effect of log all-herbicide hit count on post-1971 cohorts 0.779* 0.772* 0.771* 0.966 0.913 0.889
(0.126) (0.123) (0.122) (0.141) (0.136) (0.132)
Individual is born after 1971 (1:yes,0:no) 1.268 1.371 1.390 1.306 2.117 2.136
(0.704) (0.765) (0.750) (1.178) (1.763) (1.794)
All-herbicide hit count is strictly positive (1:yes,0:no) 0.421* 0.341** 0.337** 0.431* 0.352** 0.346**
(0.255) (0.202) (0.202) (0.257) (0.204) (0.204)
Bombing load is strictly positive (1:yes,0:no) 6.036 5.023 5.262 6.111 5.068 5.318
(7.479) (6.639) (6.876) (7.597) (6.724) (6.987)
Logarithm of total bombing load  0.942 0.955 0.951 0.942 0.955 0.952 0.878 0.868 0.852 0.878 0.868 0.852
(0.069) (0.073) (0.073) (0.069) (0.073) (0.073) (0.104) (0.102) (0.100) (0.104) (0.103) (0.100)
Average daily sunshine over the period 1975-1999 (hours) 1.042 1.079 1.057 1.038 1.074 1.054 1.335 1.216 1.201 1.336 1.218 1.202
(0.168) (0.190) (0.186) (0.167) (0.188) (0.185) (0.341) (0.314) (0.314) (0.341) (0.316) (0.315)
Individual's gender (1:male,0:female) 0.604** 0.553*** 0.654** 0.605** 0.553*** 0.654** 0.406*** 0.365*** 0.435*** 0.406*** 0.364*** 0.435***
(0.130) (0.110) (0.127) (0.130) (0.110) (0.127) (0.111) (0.105) (0.123) (0.112) (0.105) (0.123)
Individual's age (years) 1.160*** 1.149*** 1.150*** 1.146*** 1.139*** 1.141*** 1.230*** 1.243*** 1.245*** 1.240*** 1.275*** 1.269***
(0.039) (0.044) (0.044) (0.046) (0.051) (0.047) (0.060) (0.065) (0.066) (0.078) (0.077) (0.077)
Individual's age squared 0.999*** 0.999*** 0.999*** 0.999*** 0.999** 0.999** 0.999*** 0.998*** 0.998*** 0.998*** 0.998*** 0.998***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) (0.001)
Individual lives in urban area (1:yes,0:no) 1.620** 1.666** 1.754*** 1.622** 1.662** 1.751*** 1.265 1.237 1.316 1.265 1.238 1.316
(0.345) (0.407) (0.421) (0.347) (0.409) (0.423) (0.332) (0.372) (0.399) (0.332) (0.373) (0.399)
Household size 1.002 1.005 1.025 1.002 1.006 1.026 1.026 1.044 1.063 1.026 1.044 1.063
(0.043) (0.044) (0.044) (0.043) (0.044) (0.045) (0.044) (0.040) (0.039) (0.044) (0.040) (0.040)
Individual's education (grade achieved) 1.098 1.062 1.104 1.069 0.961 0.933 0.965 0.936
(0.141) (0.136) (0.144) (0.140) (0.153) (0.148) (0.152) (0.148)
Logarithm of household per capita expenditure 0.852 0.859 0.852 0.859 1.047 1.057 1.042 1.054
(0.125) (0.130) (0.126) (0.132) (0.154) (0.154) (0.153) (0.154)
Individual seeked inpatient or outpatient care in past 12 months of survey (1:yes,0 5.264*** 5.269*** 4.792*** 4.788***
(0.964) (0.963) (0.817) (0.812)
Constant 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Total effect of log all-herbicide hit count on post-1971 cohorts 0.957 0.996 1.007 1.200* 1.193* 1.185
(0.170) (0.183) (0.182) (0.169) (0.163) (0.164)
Number of observations 158,019 148,022 148,022 158,019 148,022 148,022 81,268 75,983 75,983 81,268 75,983 75,983
Notes: Standard errors in parenthesis, corrected for heteroskedasticity and province-level clustering. ***, **, and * indicate statistical significance at the 1, 5, and 10 percent-level respectively. Observations are 
weighted using sampling weights. The conditional sample is restricted to observations with positive hit counts within 15km of commune center. The "Total effect of log all-herbicide hit count on post-1971 
cohorts" in columns 4, 5, 6, 10, 11 and 12 is the product between the main effect ("Logarithm of all-herbicide hit count") and the interaction term ("Additional effect of log all-herbicide hit count on post-1971 
cohorts"). The main effect then measures the effect of "log all-herbicide hit count" on pre-1971 cohorts. 
Dependent variable: Individual reports suffering from cancer (1:yes,0:no)
Full sample Conditional sampleTable A1: Logistic regression of the determinants of cancer - effect of dioxin-only exposure
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Independent variables
Dioxin-only hit count is strictly positive (1:yes,0:no) 1.023 1.053 1.057
(0.412) (0.424) (0.427)
Dioxin-only hit count within 15km above 75th percentile cutoff (1:yes,0:no) 1.421 1.367 1.375
(0.364) (0.383) (0.394)
Bombing load is strictly positive (1:yes,0:no) 4.120 3.087 3.171 4.214 3.242 3.348 6.466* 4.677 4.857
(4.687) (3.862) (3.923) (5.030) (4.104) (4.192) (8.249) (6.491) (6.696)
Logarithm of total bombing load 0.964 0.983 0.981 0.962 0.980 0.978 0.937 0.958 0.955
(0.064) (0.071) (0.071) (0.068) (0.072) (0.071) (0.071) (0.078) (0.078)
Average daily sunshine over the period 1975-1999 (hours) 0.984 1.011 0.999 0.978 0.996 0.983 0.936 0.966 0.955
(0.090) (0.095) (0.092) (0.142) (0.159) (0.156) (0.089) (0.096) (0.093)
Individual's gender (1:male,0:female) 0.602** 0.550*** 0.651** 0.602** 0.550*** 0.651** 0.603** 0.550*** 0.651**
(0.130) (0.110) (0.127) (0.129) (0.110) (0.127) (0.130) (0.110) (0.126)
Individual's age (years) 1.160*** 1.149*** 1.149*** 1.160*** 1.149*** 1.149*** 1.160*** 1.149*** 1.149***
(0.039) (0.044) (0.044) (0.039) (0.044) (0.044) (0.039) (0.044) (0.044)
Individual's age squared 0.999*** 0.999*** 0.999*** 0.999*** 0.999*** 0.999*** 0.999*** 0.999*** 0.999***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Individual lives in urban area (1:yes,0:no) 1.635*** 1.655** 1.748*** 1.632** 1.647** 1.740*** 1.650*** 1.649** 1.742***
(0.328) (0.391) (0.406) (0.345) (0.399) (0.413) (0.342) (0.397) (0.412)
Household size 0.998 1.001 1.021 0.997 1.001 1.020 0.998 1.002 1.021
(0.042) (0.043) (0.044) (0.043) (0.043) (0.043) (0.043) (0.043) (0.044)
Individual's education (grade achieved) 1.102 1.064 1.103 1.065 1.107 1.070
(0.142) (0.137) (0.142) (0.136) (0.143) (0.137)
Logarithm of household per capita expenditure 0.884 0.890 0.882 0.888 0.898 0.906
(0.131) (0.137) (0.128) (0.134) (0.136) (0.142)
Individual seeked inpatient or outpatient care in past 12 months of survey (1:yes 5.246*** 5.246*** 5.249***
(0.963) (0.963) (0.963)
Constant 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Number of observations 158,019 148,022 148,022 158,019 148,022 148,022 158,019 148,022 148,022
Dependent variable: Individual reports suffering from cancer (1:yes,0:no)
Notes: Standard errors in parenthesis, corrected for heteroskedasticity and province-level clustering. ***, **, and * indicate statistical significance at the 1, 5, and 10 percent-level 
respectively. Observations are weighted using sampling weights. The 75th percentile cutoff corresponds to 19 dioxin-only hits.